Methods Twenty two samples, each with HI, LA, and enzyme linked immunosorbent assay (ELISA) results known to be negative, were tested to evaluate the cut-off value of the LEIA. Twenty positive control sera were selected to assess the dilution effect on LEIA titres at a 1 in 8 dilution recommended for the test rather than the 1 in 64 dilution required for quantitation of high titre sera. The intra-assay and inter-assay coefficients of variation for LEIA titres were evaluated by testing a low titre serum and a high titre serum 30 times, and these pairs of measurement were used to estimate the intra-assay and interassay repeatability of results. Thus 30 sera for the LA, 34 for the LEIA, and 100 for the HI assay were selected because titres extended across the whole range of typical values, and they were titrated again. Otherwise 243 sera were assayed for comparison of the LA and the LEIA with the HI test. Twenty negative specimens and 20 samples with low antibody titres (8-16), as determined by the HI assay, were included in the trial. A further 203 serial samples submitted for the determination of rubella immunity were examined by LA, HI, and LEIA. Finally, 21 sera from 10 patients who had seroconverted were tested. Two of them were immunised with live attenuated rubella vaccine; the other eight patients had rubella infection. Rubella IgM antibodies were detected in each case by anti-,u immunocapture enzyme immunoassay (Diagnostics Pasteur, Marnes la Coquette, France).
Serodiagnostic tests for rubella are universally used to confirm rubella infection and to determine immune state. The haemagglutination inhibition assay (HI) is still used for the quantitation of rubella antibodies in France even though false positive reactions may result from residual non-specific inhibitors. Because of rubella immunisation programmes and the need to determine the immunity of women before they become pregnant, new and rapid qualitative assays have been developed. In particular, the latex agglutination test (LA) requires no pretreatment of serum or elaborate equipment and can be performed in a matter of minutes. Qualitative results of the rubella latex tests were reported to correlate well with those of the HI.'-5 But for titrating antibody, these LA card tests are not very appropriate because of the need to repeat the test with increased dilutions and the subjective titre reading. We therefore recently developed an assay using the same antigen sensitised latex either in an LA test or in a microparticle enzyme immunoassay for quantitation of IgG antibodies to human cytomegalovirus.6 In this study we assessed whether the same Rubella virus antigen sensitised particles could be used for latex agglutination or for latex enzyme immunoassay (LEIA). The technique differed from that used for cytomegalovirus antibodies in that it required different material and procedure and a shorter turn around time. The level of detection was arbitrarily set at 10 IU/ml, as the clinical importance of titres below 10-15 IU/ml has not been well established.47 Methods Twenty two samples, each with HI, LA, and enzyme linked immunosorbent assay (ELISA) results known to be negative, were tested to evaluate the cut-off value of the LEIA. Twenty positive control sera were selected to assess the dilution effect on LEIA titres at a 1 in 8 dilution recommended for the test rather than the 1 in 64 dilution required for quantitation of high titre sera. The intra-assay and inter-assay coefficients of variation for LEIA titres were evaluated by testing a low titre serum and a high titre serum 30 times, and these pairs of measurement were used to estimate the intra-assay and interassay repeatability of results. Thus 30 sera for the LA, 34 for the LEIA, and 100 for the HI assay were selected because titres extended across the whole range of typical values, and they were titrated again. Otherwise 243 sera were assayed for comparison of the LA and the LEIA with the HI test. Twenty negative specimens and 20 samples with low antibody titres (8) (9) (10) (11) (12) (13) (14) (15) (16) , as determined by the HI assay, were included in the trial. A further 203 serial samples submitted for the determination of rubella immunity were examined by LA, HI, and LEIA. Finally, 21 sera from 10 patients who had seroconverted were tested. Two of them were immunised with live attenuated rubella vaccine; the other eight patients had rubella infection. Rubella IgM antibodies were detected in each case by anti-,u immunocapture enzyme immunoassay (Diagnostics Pasteur, Marnes la Coquette, France).
HI TEST
The RubeHIT test is a standard haemagglutination inhibition assay (Behring, Marburg, Federal Republic of Germany). The sera were treated with kaolin to remove nonspecific inhibitors, and stabilised human 0 erythrocytes were used as indicator cells. Positive and negative control sera were supplied by the manufacturer. A titre of 8, corresponding to the initial 1 in 8 dilution, was regarded as the lowest positive result. 1) . The calibration data could be fitted linearly by least squares fit. The anti-rubella IgG concentrations of the samples were calculated from the regression equation using their individual absorbance. The cut-off value was arbitrarily set to 10 IU/ml. Specimens with absorbance values greater than that of the 750 IU/ml standard were retested after an additional 1 in 8 dilution.
Statistical analysis was performed using all titres expressed as logarithm to base 2. A logarithmic titre of 1, 2, or 3 corresponded to respective titres of 10, 20, and 40 IU/ml for the LA and LEIA and 8, 16, and 32 for the HI. For analysis of repeatability of each technique and comparison of the three techniques in pairs, a method of analysis recently proposed by Altman and Bland was adopted.89 Logarithmic titres obtained by the three assays were tabulated using result differences/mean plot to display relative agreement. For the results from each pair of tests, the mean difference (d) and the standard deviation (s) of the differences were calculated. The mean difference indicates the bias between the two tests and the standard deviation of the difference is indicative of their variability. Most points on the graph are expected to lie between d + 2s. These are the limits of agreement. For each technique, the coefficient of repeatability is defined as twice the value of the standard deviation of differences between pairs of measurement. Regression analysis and calculation of the correlation coefficient were also performed. confidence interval of the mean of the differences includes the value zero except for the mean of the differences between LEIA and LA, because the LEIA values were slightly higher than those of the LA (p < 001) The variances of the differences were compared with each other and with the variances of the interrepeatability assays. The variance of the differences between LEIA and LA was significantly lower than those for LA and HI and 1C   20  1024  320  330  2A  5  32  20  13  2B  19  1024  320  150  3A  0  <8  <10  <10  3B  20  256  160  44  4A  0  <8  <10  <10  4B  30  512  320  140  5A  0  <8  <10  <10  5B  25  256  160  92  6A   1   <8  <10  <10  6B  9  512  640  120  7A  0  <8  <10  <10  7B  21 In cases 1 to 8, rubella infection was observed clinically. Cases 9 and 10 were sampled before and after vaccination.
LEIA and HI (p < 0 03). The variance of the differences between LA and HI was significantly higher than those of the differences between HI and HI and between LEIA and LEIA (p < 0 01). Linear regression analysis between the titre values of each pair of techniques is also shown in table 4. The 99O, confidence interval of the three slopes includes the value one and that for the intercepts includes the value zero except for the regression of LEIA titres on LA titres where the intercept corresponds to a significant value. Figure 2 shows the difference between the results of LEIA and HI assays plotted against the mean result.9 Other comparative graphs have a similar aspect. The parallel lines observed correspond to the ascending discrete values of HI logarithmic titres. The percentage of results within the limits of agreement were 940, 960°o, and 970o, respectively, for LEIA compared with HI, LA compared with HI, and LEIA compared with LA. Only one difference exceeded 2 log2 and only when LEIA and HI and LEIA and LA were compared. The corresponding serum sample was found to contain rubella IgM antibodies in immunocapture assay.
The results of the tests on sera from 10 patients with seroconversion are listed in table 5 . Paired sera from 1 to 8 were obtained from cases of rubella infection and the two last pairs were obtained from patients immunised with RA 27/3 live attenuated rubella vaccine.
The seroconversions corresponding to a minimum of a fourfold titre rise were obtained by all three techniques. LEIA titres were lower or within one doubling dilution compared with the results of HI or LA techniques. In six cases the rise in LEIA titre was more than one log2 lower than that of LA titres.
Discussion
We assessed the performance of a new latex enzyme immunoassay using rubella antigen sensitised particles as solid phase and compared the assay with latex agglutination assay and haemagglutination inhibition as reference technique. LEIA is a simple immunoassay using a single test dilution. Up to 89 samples could be processed at once with the calibration panel, a positive, and a negative control. Calibration curves had a good adjustment to a straight line, and a minimum p value of 0-001 may be targeted. Only the necessary volume of latex reagent was pipetted and results were available within 20 to 30 minutes. Objective reading was obtained, while for HI and LA visual reading of end point titration was occasionally equivocal. In these cases the titre corresponding to the last unequivocal reaction was recorded.
Qualitative results showed a few discrepant results corresponding to borderline values. Other authors obtained the same results, especially false positive results in the HI assay due to the incomplete elimination of nonspecific inhibitors.37 Otherwise a zero LEIA value could be assigned to a sample containing a low titre of IgG antibody. Therefore the LA positive, HI, and LEIA negative sample possibly had an IgG titre of 7 IU/ml, corresponding to the LEIA absorbance value. False positive reactions with contaminated sera have also been described.
Moreover, quantitative results of the three techniques were comparable. The regression lines were not different from the identity line except for the intercept corresponding to a positive value of the differences in titres between LEIA and LA. This bias could possibly be explained by a discrete LA value corresponding to a continuous LEIA value included in the interval between the same discrete value and the next one.
Analysis of the differences showed rather large standard deviation values with limits of agreement over one log2, possibly because 12 The inter-assay and intra-assay coefficients of variation of results of LEIA were comparable with those described for ELISA techniques. 3 They could certainly be improved by automation. As already described for HI and LA, seroconversions have been detected by LEIA in the parallel testing that is always recommended in serology. Obviously, it cannot be recommended by itself for this purpose, but the results obtained have clearly confirmed the possibility of variation in antibody quantitation. Moreover, some lower, discrepant results were obtained with the LEIA technique compared with those of HI and LA, possibly because, as already cited, these last two techniques showed IgM and other immunoglobulin isotypes. The development of an indirect IgM test using the LEIA protocol would be workable. A variation in the epitopes involved in the different reactions has also been mentioned. '3 In conclusion, LEIA for quantitation of rubella IgG would be useful for serology. The test is rapid, the results showed satisfactory agreement with those of LA and HI, and it could be used for immunity testing or detecting a rise in IgG antibodies. Automation and parallel testing with other antigens would also be possible. The cost of the reagent for LEIA is about half that of HI and a fifth of that of LA, essentially because only one dilution is required for the evaluation of the antibody titre instead of the 10 and eight dilutions systematically tested for HI and LA titration. The latex reagent is stable and easy to use. It offers a practical choice between rapid agglutination with a few specimens and IgG quantitation in batches up to 96 wells with the LEIA technique.
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